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Introduction
Individuals with cognitive impairment in general, and intellectual disability (ID) in particular, are at a high risk of experiencing acute and chronic pain [1] [2] [3] [4] [5] [6] [7] [8] . The evaluation of pain among these individuals is especially challenging due to their limited cognitive and communication abilities, and so is their pain management [6, [9] [10] [11] . Information on pain perception of individuals with ID is therefore crucial, yet scarce and inconsistent. While several studies reported decreased pain thresholds of individuals with ID compared with controls [9, 12] indicative of increased pain sensitivity, others reported decreased or unchanged pain sensitivity [13] [14] [15] . The aforementioned inconsistency may result from V C 2017 American Academy of Pain Medicine. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com the reliance on self-report in pain threshold measurements and from the measurements being confounded by reaction time potentially being slower and thus biasing the reports of individuals with ID [9] . Other, less subjective pain measurements are thus necessary in this population.
Facial expressions, which do not require self-report, have been successfully used to evaluate pain among individuals with ID [11, [16] [17] [18] [19] [20] [21] . Yet the analysis of facial expressions is also subject to biases, especially when global judgments or inaccurate/vague descriptions of facial expressions are being used [22] [23] [24] . For example, Hadjistavropoulos et al. found that the physical attractiveness of the subject affected the observers' judgment about the nature of pain [25] . Additional biases include the age and sex of the observant and the prior experience of the observer [11, 25, [26] [27] [28] [29] . Observers may also be influenced by their own stereotyped beliefs about ID [26] . It is noteworthy that individuals with ID often respond to pain with less typical pain behaviors such as freezing/stillness [18, 30] , which may further confuse the observer. Recently, a computerized/automated analysis of facial expressions proved to be substantially less vulnerable to these biases [24] ; however, to the best of our knowledge this method has not been applied yet in individuals with ID.
Methods that are objective and free of observer bias may thus be preferential in the case of ID. Recording of pain-evoked potentials (EPs) through scalp electrodes is a promising candidate. Pain EPs provide information on endogenous processing and conduction of pain signals in response to external stimuli, manifested in the amplitude and latency, respectively, of the N2P2 component. Pain EPs are considered objective, reliable, and sensitive diagnostic tools in various pain conditions [31] [32] [33] and may thus identify possible alterations in pain sensitivity and conductivity among individuals with ID. To the best of our knowledge, there are no studies in which pain EPs were recorded in ID. Yet EPs following innocuous cutaneous, visual, and auditory stimuli among these individuals report alterations in the symmetry of EPs [34] , amplitude [12, 34, [35] [36] [37] [38] [39] [40] , and latency of the EPs [14, [34] [35] [36] [37] [38] 40] compared with those of controls.
Our purpose was therefore to study, using both subjective and objective indices, whether individuals with ID are more sensitive to pain than normal. Specifically, whether in individuals with ID 1) self-reports, facial expressions, and N2P2 amplitude are greater than in controls, suggesting an increased pain experience; 2) N2P2 latency is greater than normal, suggesting a delayed pain response; and 3) pain behavior magnitude is associated with N2P2 amplitude, suggesting its possible use in evaluating pain in ID.
Methods

Participants
The study included 41 adults; 16 individuals with mildmoderate ID (age ¼36.4 6 7.26 years, m 6 SD) and 25 healthy controls (HC; 34.7 6 12.83 years). Individuals with ID were recruited from day care centers for people with ID. ID was diagnosed according to clinical assessment and standardized testing of intelligence that were conducted by the team of the Ministry of Social Affairs and Social Services. Individuals in this group had an estimated level of mild or moderate ID and were capable of understanding their mother tongue. HC were students and workers of Tel-Aviv University and workers at the day care center for people with ID. Exclusion criteria for all the participants were: known acute or chronic pain and bruises or injuries in the testing regions. The study was approved by the Tel-Aviv University Ethical Committee, by the institutional review board of the Ministry of Social Affairs and Social Services, and by the legal guardians. A written informed consent was obtained from all cognitively intact individuals and from the legal guardians of the individuals with ID, after explaining the aims of the study and its protocol.
Thermal Stimulator
Contact heat stimuli were used to evoke the pain EPs, namely contact heat-evoked potentials (CHEPs). The stimuli were delivered with the Pain & Sensory Evaluation System PATHWAY (Medoc Ltd., RamatYishai, Israel) using a round thermode of 572.5 mm 2 (27 mm in diameter). The temperature increase and decrease rates were 70 C and 40 C, respectively. This system was found suitable for inducing a wellsynchronized cortical response [41, 42] .
Adjusting Stimulation Intensities and General Stimulation Procedure
The experiment had two parts (sessions), and only upon completion of the first experiment we commenced with the second experiment. All the experiments were conducted in a quiet room with ambient temperature maintained at 22 C 6 2 C. The subjects sat in a comfortable armchair with the hand supported on a holder. All experiments were done on the dorsal surface of the hand. Figure 1 describes the experiments. Experiment 1: Participants in this phase were 11 healthy controls. This experiment was conducted in order to search for the stimulation temperatures to be used for the recording of contact heat-evoked potentials (CHEPs) and behavioral responses in experiment 2. Stimulus response functions for heat pain were constructed for each subject by administering series of gradually increasing heat stimuli and asking the subjects to rate their perceived pain using a numerical rating scale (NRS) for which 0 ¼ "no pain sensation" and 10 ¼ "the most intense pain sensation imaginable." Heat stimuli rose from a baseline of 35 C, at a rate of 70 C/ sec, to the destination temperature and then returned to baseline, in steps of 1 C. The interstimulus interval was 35 seconds, during which time the subject rated their Upon completion of this preliminary experiment, we calculated the group average stimulus response function and extracted from it the temperatures that induced an innocuous heat sensation (42.5 C), a mild pain sensation rated as 3 on the NRS (46 C) and a moderate pain sensation rated as 5 on the NRS (49 C). In choosing these temperatures, we also undertook the following considerations: 1) the stimuli need to be tolerable by all the subjects, especially among those with ID; 2) the temperatures should not induce skin damage under any circumstance; and 3) each stimulus would be applied 15 consecutive times.
Experiment 2: Participants in this experiment were 16 individuals with ID and 18 healthy controls (four of whom also took part in experiment 1). This experiment was divided into two phases, both conducted on the same day. Phase I was performed before the actual recordings of CHEPs. In this phase, the subject received the chosen stimulation temperatures (42.5 C, 46 C, and 49 C) twice (a total of six heat stimuli, 35 seconds apart) and was asked to rate the perceived pain using two different self-report scales after each stimulus (please see the Self-Report Rating Scale section). Simultaneously, the participants were videotaped throughout this protocol for the purpose of offline analyzing facial expressions. The camera was situated on a tripod 0.5 meter in front of the participant. In order to ensure an optimal position of the face, the participants were asked to keep their gaze on a fixed point which was a green "X" shape hanging on the wall in front of them.
Temperatures were administered in an increasing order. Randomization was not used because in preliminary trials individuals with ID who received the strongest stimulus at the outset responded in alarm and anxiety, resulting in immediate withdrawal from the experiment. When stimuli were administered in an increasing order, the subjects easily completed the entire protocol. Following the self-rating and videotaping session, recording of the CHEPs commenced. Upon completion of phase I and following a five-to 10-minute break, phase II was performed, which included stimulation and recording of pain-evoked potentials, as described below.
Acquisition and Analysis of Pain-Evoked Potentials
Each subject received a total of three stimulation trains using the Pathway system, each composed of 15 consecutive heat stimuli. Each train was of a different stimulation intensity (42.5 C, 46 C, and 49 C) and there was a break of three to five minutes between each stimulation train. Each single heat stimulus rose from a baseline temperature of 35 C to the aforementioned destination temperatures and back to baseline, at an increasing and decreasing rate of 70 C and 40 C/sec, respectively (lasting 295, 422, and 550 msec, respectively), with an interstimulus interval ranging randomly from eight to 12 seconds (to prevent expectation). Thus, the mean duration of the train ranged from 144.3 to 148.2 seconds, respectively, depending on the destination temperature and the interstimulus interval ( Figure 1 , lower panel). The thermode was moved to an adjacent area after each stimulus within each train in order to avoid habituation.
The recording and analysis of the CHEPs were based on previously established protocols from our laboratory [41, 42] and those of others [43] [44] [45] [46] [47] [48] . CHEPs were recorded from Fz, F3, F4, Cz, C3, C4, and Pz using an electrode cap (Easy Cap Q40, Munich, Germany), referenced to the nose. The CHEPs were recorded with a Quick Amp EEG system (Brain Products GmbH, Munich, Germany) within a 0.15 Hz and 100 Hz-bandpass and digitized at a sampling rate of 250 Hz. The impedance from all the electrodes was kept below 5 kOhms. The trigger was sent to the Quick Amp at the beginning of 100 msec-long TTL pulse along with the temperature increase. Data was analyzed using a dedicated software package (BrainVision Analyzer Version 1.05.0002, Brain Products GmbH, Munich, Germany). After analogueto-digital conversion, stimulus-linked EEG segments (window duration 2,500 ms, 500 ms before and 2,000 ms after the stimulus onset, band-pass 0.15-40 Hz, notch filter of 50 Hz) were controlled by manual artifact rejection. Epochs contaminated with eye movements and blinks and other muscle artifacts were identified by visual inspection and were not used for subsequent analysis (average percentage rejection of 23.5 and 12.7% for individuals with ID and controls, respectively).
The recorded EEG data from Cz were analyzed. The peak-to-peak amplitude of the N2P2 wave was determined by measuring the voltage of the negative (N2) and positive (P2) potentials from baseline to their peak and combining the two. The N2 latency was measured at the peak of the response. A pain EP was considered present when a deflection of peak-to-peak amplitude of at least 5mV was identified at the expected latency time window [33] . We used a time window of 200 to 750 ms for the detection of N2P2 components, which was based on previously observed delayed EPs among individuals with intellectual disability [49, 50] . An electronic offline averaging of the artifact-free waveforms was carried out for each stimulation train and within each individual and the average N2P2 amplitude and latency were extracted.
Facial Action Coding System
Facial expressions to noxious stimuli were analyzed using the Facial Action Coding System (FACS). The FACS consists of a list of facial actions (action units [AUs]) based on the movement of specific muscles or group of muscles of the face [51] as indicative of pain. In the present study we used 14 AUs that were previously found to be characteristic of pain [27, [52] [53] [54] [55] [56] . The AUs were brow lowerer (AU4), cheek raiser (AU6), lid tightened (AU7), nose wrinkler (AU9), upper lip raiser (AU10), oblique lip puller (AU12), lip stretcher (AU20), lip pressor (AU24), mouth opener (AU25), jaw dropper (AU26), mouth stretcher (AU27), eyelid dropper (AU41), eyes closer (AU43), and blink (AU45). The intensity of the AUs was coded on a six-point intensity scale, ranging from 0 ¼ no action through 1 ¼ minimal action/trace to 5 ¼ maximum action [55] . The intensity coding of AU43 was essentially binary; that is, 0 or 5 and the intensity coding of AU45 was based on the frequency of blinking. The FACS score for each participant for subsequent analysis was the sum total of the intensity (or frequency) scores of all the 14 AUs.
Facial expressions were analyzed retrospectively using frame-by-frame analysis and the slow motion option from the onset of stimulation to five seconds poststimulation. The video segments of the different stimuli were presented to the FACS rater in a random order, and in addition the rater was blinded with regard to the intensity of stimulation. The average FACS score of two stimuli of each intensity was calculated.
Self-Report Rating Scale
Subjective pain ratings obtained after each stimulus were evaluated using two rating scales:
Numeric rating scale (NRS): The subjects were asked to rate their perceived pain on 0-10 scale in which 0 represents lack of pain and 10 represents the most intense pain imaginable.
Pyramid pain scale (PPS): As NRS may not be suitable for all individuals with ID, we also used this scale, which we found to be reliable and valid for measuring pain in these individuals [16] . The pyramid scale is a graphical rectangular plastic ruler, 20 cm long and 7 cm wide, on which five-color pyramids of increasing sizes are situated on a horizontal base. The sizes of the pyramids represent the amount of pain, with area of the base with no pyramid above it (the left end of the scale) signifying no pain ¼ 0 and the highest pyramid (the right end) signifying the worst possible pain ¼ 5.
Data Analysis
Data were analyzed with the IBM statistics 21 software. Repeated measure analyses of variance (rANOVA, IBM corporation, NY, USA) were used to test the effect of stimulation intensity (42.5 C, 46 C, and 49 C) and group (ID, HC) on: the magnitude of CHEPs (N2P2 amplitude), latency of CHEPs (N2), magnitude of self-reports (NRS and pyramid scale), and magnitude of facial expressions (FACS). The models included interactions and corrected post hoc comparisons (t tests). All ANOVA summary results are expressed as means and associated standard errors. In addition we tested the correlation between N2P2 amplitude and N2 latency and between self-reports and FACS scores within each group using Pearson's r. All P values presented are two-tailed significant; P values of less than 0.05 were considered significant. Table 1 describes the participants with ID. The ID group comprised eight people with Down syndrome (DS) and eight people with nonspecified mental retardation (NSMR). Six of them had mild ID, eight had mildmoderate ID, and two had moderate ID. Most of the participants receive various medications. There were no differences between the ID and control groups in age or sex distribution. Figures 2 and 3 describe the values of the amplitude and latency, respectively, of the CHEPS for the two groups. Analysis revealed a significant effect of stimulation intensity (F(2,52) ¼ 12.49, P < 0.0001) on the N2P2 amplitude and a trend toward group effect (F(1,52) ¼ 3.6, P ¼ 0.069). The stimulation by group interaction was not significant (F(2,52) ¼ 0.5, P ¼ 0.6). Namely, N2P2 amplitude increased with the increase in stimulation intensity in both groups. Due to the trend toward group effect and the possibility that group differences may exist only in one part of the stimulation range (e.g., only the noxious range), post hoc comparisons were done between the groups within each stimulation intensity. These comparison revealed that while there was no group difference in N2P2 amplitude following the innocuous stimulus, the N2P2 amplitude following the noxious stimuli was significantly larger among the ID group compared with the HC group for both 46 C (P < (Figure 4 , B and C) and the longer latency in the highest stimulation intensity (49 C) ( Figure 4C ). Within the ID group, there were no differences in N2P2 amplitude (P ¼ 0.29) or N2 latency (P ¼ 0.48) between individuals with DS and individuals with NSMR. Figure 4D presents a typical N2P2 waveform of two individuals for 49 C only. Figure 6 presents the values of the self-reports of the two groups. Analysis revealed a significant effect of stimulation intensity on the pain ratings using the NRS (F(2,56) ¼ 25.05, P < 0.0001); however, the effect of were not significant ( Figure 6A ). Similarly, a significant effect of stimulation intensity was found on the pain ratings using the pyramid scale (F(2,64) ¼ 17.48, P < 0.0001); however, the effect of group (F(1,64) ¼ 0.04, P ¼ 0.85) and the stimulation intensity by group interaction (F(2,64) ¼ 1.31, P ¼ 0.28) were not significant. Namely, pain ratings increased with the increase in stimulation intensity at the same rate for both the ID and HC groups ( Figure 6B ). Within the ID group, there were no differences in the pain ratings using both the pyramid scale (P ¼ 0.37) and the NRS (P ¼ 0.27) between individuals with DS and individuals with NSMR.
Results
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Correlations Between CHEPs, Facial Expressions, and Self-Reports Table 2 presents the correlations between the neurophysiological and behavioral variables. In the ID group, N2P2 amplitude did not correlate with any of the behavioral variables. However, in the HC group, N2P2 amplitude correlated positively with pain ratings; the higher the pain ratings the higher the amplitudes. N2P2 magnitude did not correlate with FACS scores in either group. With regard to N2 latency, among the ID group N2 latency correlated positively with pain ratings; the higher the ratings, the longer the N2 latency. In contrast, among the HC group, N2 latency inversely correlated with FACS and pain ratings. It is noteworthy that stimulation intensity correlated with both the electrophysiological indices and FACS scores only in the control group.
Discussion
The aim was to study whether individuals with ID are more sensitive to pain than normal. The increased pain responses of individuals with ID compared with controls manifested in both the behavioral and electrophysiological indices may indeed suggest that they are hypersensitive to pain. Yet, the results also imply that the responses of individuals with ID to pain may be delayed, as indicated by the electrophysiological response.
Increased Pain EPs Amplitudes in ID
To the best of our knowledge, this is the first attempt to record pain EPs among individuals with ID. Both the amplitude and latency of pain EPs were affected in ID; the amplitude following the two noxious (but not the innocuous) stimuli was larger, and the latency following the highest noxious stimulus was longer than in controls. These results resemble the higher amplitudes [12, 34, 36, 37, 39, 40] and longer latencies [34, 35, 37, 38, 40] of EPs following innocuous cutaneous, visual, and auditory stimuli reported for ID. Taken together, the results suggest that while the conduction of sensory signals and specifically of pain signals may be prolonged in ID, once detected they provoke a stronger than normal response. As pain EPs are objective and reflect endogenous pain processing, the increased magnitude supports the possibility that individuals with ID may indeed be hypersensitive to pain.
The increased magnitude of pain EPs in ID may result from peripheral and/or central components within the pain system. For example, the excitability of nociceptors or nociceptive neurons may be increased in ID due to Pain-Evoked Potentials in Intellectual Disability different membrane properties. Scott et al. (1981) reported that the membrane of cultured dorsal root ganglia of fetuses with DS is hyperexcitable [57] . Similar reports were described in a mouse model of DS [58] due to membrane ionic channel abnormalities [58, 59] . Along the same line, the reduced heat pain [9, 15] and pressure pain [12] thresholds measured among individuals with ID suggest that they may exhibit a generalized hypersensitivity to pain manifested also in their increase pain EPs. It is noteworthy that only EPs evoked by the two noxious heat stimuli were increased whereas the EPs following the innocuous stimuli were similar in individuals with ID and controls. This finding is consistent with the recently reported lack of differences in innocuous thermal sensitivity between individuals with ID vs controls [15] .
It is also possible that increased pain EPs result from alterations in brain structures involved in pain perception and modulation [60] . For example, lesions in the hippocampus, amygdala, insula, anterior cingulate, and frontal cortices were found among individuals with DS [61] [62] [63] [64] . Decrease of white matter volume was found in the posterior insula and brainstem of individual with DS [64] and in the brain stem of individuals with Fragile-X Syndrome [65, 66] . A general reduction in white matter connectivity was also found among individuals with cerebral palsy [67, 68] . Since alterations in the aforementioned structures are related with deficient pain modulation [69] [70] [71] [72] , they may underlie the enhanced pain experience seen among individuals with ID. Noteworthy is that some of these structures are also involved in cognitive processes and thus alterations in their function may lead to a parallel reduction in the potency of pain modulation and cognitive abilities [72] .
Prolonged Pain EPs Latencies in ID
Although we could not find comparable studies that measured pain EPs in ID, the longer latency than controls of the pain EPs following the highest stimulation intensity may correspond with longer latencies of pain EPs measured among subjects in vegetative state or minimal consciousness [73] and patients with cognitive impairment [74, 75] . Although longer latencies than normal in individuals with ID were also found when EPs were measured with innocuous stimulation [14, [34] [35] [36] [37] [38] 40 ], we could not observe such differences between our groups.
The longer latency may stem from slower peripheral conduction velocity. Indeed Brandt and Rosen (1995) found slower conduction velocity of the median nerve among children with DS, an aetiology that comprised 50% of our group [76] . Others have also reported slower peripheral conduction velocity among individuals with fragile-X and Prader-Willi syndrome [14, 39] . There is some evidence showing alterations in peripheral conduction in animal models of autism with cognitive impairment [77] and DS [78] . Not mutually exclusive is the possibility that slower pain EPs in ID result from slower central conduction and processing time [34, 35, 37, 40, 73] . A relevant finding in this respect is the correlation between pain EPs latency and cognitive decline among patients with Huntington disease [75] , suggesting perhaps that alterations in the cognitive processing of salient stimuli among our subjects may underlie the longer latencies of their pain EPs. Interestingly, slower reaction times of individuals with ID were also reported in psychophysical studies following the application of noxious cold [13] and heat [9] and innocuous mechanical stimuli [15] . The slowness of conduction and processing thus seem generalized in ID.
The delayed pain EPs in the highest stimulation intensity herein may explain the delayed/altered responsiveness to experimental and clinical pain insults sometimes observed in ID. Several studies have reported increased pain or temperature thresholds among individuals with ID compared with controls when thresholds were measured with a reaction time-dependent method, for example, the method of limits [13] [14] [15] . However, when thresholds were measured with a reaction time-free method (method of levels), individuals with ID had similar or decreased thresholds than controls [9, 15] , suggesting 
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that the slower conduction/reaction time may have biased the seemingly higher thresholds. Thus, the results of the present study further suggest that pain responses among individuals with ID should preferably be measured using methods that are independent of the reaction time.
Correlation Between Electrophysiological and Behavioral Responses
The pain EP amplitudes of individuals with ID did not correlate with self-reports or facial expressions of pain. This disparity occurred despite the fact that both the behavioral and electrophysiological responses of individuals with ID were increased compared with those of the controls. Interestingly, De Tommaso et al. (2015) also could not find a correlation between the amplitude of laser-evoked pain EPs and behavioral indices following various sensory stimuli including noxious stimuli among individuals in vegetative and minimal conscious state [73] . In contrast to the individuals with ID, in the HC group the amplitude of pain EPs gradually increased with the increase in pain ratings as previously observed [41, 31, [79] [80] [81] . However, there are also reports on dissociations between pain EPs and pain ratings in control subjects that are influenced by stimulation intensity [80] , saliency [82] , habituation [83] , and subjects' expectancy [84] . The disparity observed between pain EPs and selfreports of individuals with ID may thus result from a greater susceptibility of these individuals to such influences than the control subjects. Magnitude of self-reports. Both the numeric rating scale ratings (A) and pyramid ratings (B) increased with the increase in stimulation intensity among both individuals with ID and HC, with no significant differences between the groups. Values denote group mean 6 SEM. HC ¼ healthy controls; ID ¼ intellectual disability.
A more plausible explanation for the dissociation between pain EPs and pain behavior in ID may stem from the different properties of these indices vis-a-vis the cognitive deficiency of the individuals. Dipole modeling studies based on Cz recordings identified several generators to the N2P2 component including the somatosensory cortices, insular, cingulate, and opercular cortices, and the amygdala and hipocampi [31, [85] [86] [87] [88] [89] [90] . As aforementioned, these regions, which are involved in both pain and cognitive processing [72] , may be altered in individuals with ID, not necessarily in a unified manner. Thus, the lack of correlation between pain EPs and pain behavior may result from variability in the alterations occurring in pain vs cognitive processing.
Additionally, pain behavior may reflect the subject's complex pain experience more broadly than do pain EPs. Cognitively intact individuals may be more precise than those with ID when asked to rate the intensity of their pain, an ability supported by the significant correlation between their N2P2 amplitudes and self-reports. In contrast, individuals with ID probably provide a global impression of their pain experience, including the associated negative emotions. This global impression matches their facial expressions, manifested here by the significant correlation between the two indices.
Although there is some doubt on the ability of individuals with ID to use self-report scales [11, 15, 18, [91] [92] [93] , the type of scale and the level of ID significantly affect this ability. In the present study, self-reports of individuals with ID correlated with stimulation intensity, supporting their ability to use the NRS and the pyramid scale. Such correlations were also observed in a previous study using pressure stimuli [16] . The positive correlation between self-reports and facial expressions among individuals with ID, together with the lack of correlation between pain EPs and these behavioral indices, suggests that pain EPs may not fully express the complexity of the pain experience among individuals with ID, but rather a more specific aspect.
Clinical Implications and Summary
The results suggest that individuals with ID are either more sensitive to noxious stimuli or experience these stimuli as more painful than do the controls. This conclusion is based on both subjective and objective measurements. Specifically, the increased EPs observed among individuals with ID following the noxious stimuli provide an objective support to previous studies in which increased pain responses in ID were reported based on behavioral measurements. These characteristics may render individuals with ID more susceptible to developing chronic pain. Therefore, careful and constant monitoring of their condition is required in order to identify signs of pain. Once detected, perhaps higher doses of analgesics are required in order to achieve efficient pain relief in ID.
With regard to pain evaluation, although pain EPs may not capture the exact same experience reflected in selfreports and/or facial expressions of pain, they may indicate at least partly both the sensory-discriminative and affective dimensions of the pain experience. Self-reports or facial expressions may be preferable to pain EPs among communicative individuals, but pain EPs seem necessary and informative among noncommunicative individuals. As this is a pilot study, an in depth investigation of the potential of pain EPs to replace subjective indices of pain among noncommunicative individuals is necessary.
Despite the novel information, several limitations should be considered. A larger sample size may increase the probability of finding significant correlations among the different pain indices. Second, the facial expressions and self-reports were recorded with very fast stimuli (70 C/sec) that are necessary in order to record EPs but may not be ideal for recording behavioral responses. Third, although CHEPs were analyzed according to standard methods in the field of pain, other methods exist that may yield somewhat different calculations for the EPs' magnitude and latency. Fourth, medication intake may affect pain EPs of individuals with ID although studies show that somatosensory, as opposed to auditory and visual, EPs are less affected by antipsychotic medications [94] or that antidepressants [95] and antipsychotics [96] induce attenuation rather than enhancement of EPs.
In summary, individuals with ID exhibit increased responses to noxious stimuli compared with controls, manifested as increased pain behavior and pain-evoked EPs. The weak but significant association between pain EPs and stimulation intensity in ID suggest that EPs may indicate pain to some extent among noncommunicative individuals, pending further validation.
